Objective: Reoperations on the ascending aorta after prior aortic procedures are formidable challenges. In order to identify factors predictive of clinical outcome using a uniform surgical approach, results of a 15-year experience were reviewed. Methods: Between 1983 and 1998, 78 reoperations on the ascending aorta were performed in 71 consecutive patients. There were 56 males and 15 females, aged 54^13 years (10±73 years), with a mean interval to ®rst reoperation of 60^76 months (5±223 months). The original operation was replacement of ascending aorta (23), aortic valve (25), aortic root (7), ascending aorta with valve preservation (9), ascending aorta and aortic valve (7). Surgical approach included femoral vessels dissection and repeat sternotomy, with femoro-femoral bypass limited to cases of traumatic reentry. Reoperation consisted in replacement of the aortic root (48), ascending aorta (15), ascending aorta and aortic valve (6), aortic root with ascending aorta and arch (6), ascending aorta and aortic arch (3). Average aortic crossclamp and cardiopulmonary bypass times were 122^86 and 188^60 min, respectively. Results: Early deaths were ®ve (7%), due to low output syndrome (3), hemorrhage (1) and sepsis (1). Mortality for emergent reoperation was signi®cantly higher (38 vs. 3%, P 0:001). A total of 39 early complications were observed in 78 reinterventions (50%), including: traumatic reentry requiring emergent femoro-femoral bypass (4), reexploration for bleeding (4), respiratory failure (12), sepsis (5), transient neurologic dysfunction (4), renal failure (3), myocardial infarction (3), circulatory insuf®-ciency requiring mechanical life support (2), and wound infection (2). Average intensive care unit stay was 4:5^9:7 days (0.5±40 days). Survival was 92^4%, 78^10% and 78^10% at 1, 5, and 10 years, respectively. At follow-up (mean 34^36 months, 1±170), survivors were in satisfactory clinical conditions (1:6^0:8 mean NYHA class, 1±3) with no evidence of renal, respiratory or neurologic dysfunction. Multivariable analysis showed emergent reoperation (P 0:001), prior aortic valve replacement (P 0:005) and need for arch replacement (P 0:03) to be predictive of higher operative mortality. Longer duration of bypass (P 0:01) and aortic arch replacement (P 0:04) were predictive of higher prevalence of postoperative complications. Conclusions: Reoperations on the ascending aorta via repeat sternotomy without preventive femoral bypass are associated with low operative risk and high prevalence early complications. Emergent reintervention due to aortic dissection, particularly in patients with prior aortic valve replacement, and need for arch repair are predictive of poorer perioperative outcome. Long-term outlook of hospital survivors is satisfactory. q
Introduction
Primary replacement of the ascending aorta and aortic root currently represent low-risk surgical procedures, particularly when performed electively [1±7] . Progress in perioperative care of patients with aortic disease and in operative techniques, including myocardial and cerebral protection, must be credited for this achievement. The direct consequence has been extension of aortic surgical procedures to patients at the extremes of the age spectrum and to patients with mildly symptomatic or asymptomatic disease. In addition, the rising popularity of biological conduits (autografts, homografts, xenografts), as substitutes of the aortic valve or root [8] , and of aortic root remodeling operations with preservation of the native valve [9] have all translated into a substantial increase in the population at risk for reoperative procedures on the proximal thoracic aorta. Since reinterventions on the ascending aorta and aortic root pose a unique surgical challenge, it has become urgent to de®ne the risk and outcome connected with these procedures. In an attempt to predict the results after redo operaEuropean Journal of Cardio-thoracic Surgery 17 (2000) 602±607 tions on the proximal thoracic aorta, review of a 15-year experience at our Institution was undertaken.
Materials and methods

Patients
Between January 1983 and December 1998, 71 consecutive patients underwent one or more reoperations on the ascending aorta or aortic root. Due to the different implications in terms of risk of aortic trauma upon reentry and of operative strategy, a series of patients was excluded from the present review, including: (1) patients with isolated myocardial revascularization as original operation; (2) patients with prior replacement of the extrapericardial thoracic aorta (i. e. aortic arch, descending aorta); (3) patients requiring isolated arch replacement as reoperative procedure; (4) patients requiring isolated reoperative aortic valve surgery; (5) patients needing reoperation within 1 month of original operation. The clinical pro®le of the patient population is outlined in Table 1 . Mean interval to ®rst reoperation averaged 5 years, with most procedures performed electively or urgently (within 24 h of admission) and only 12 (15%) of the operations emergently (immediately after diagnosis). Causes of emergent reintervention were acute dissection with aortic rupture or hemodynamic instability (8/12 procedures) and prosthetic valve endocarditis with hemodynamic instability (4/12 procedures). Five patients had two or more reoperations during the study period (two patients had three, and three had two). Indications to reoperation was generally due to presence of a new aortic aneurysm, true or false, or occurrence of dissection in a different aortic segment, as reported in Table 2 . Prosthetic valve malfunction and endocarditis with aortic root involvement represented a less common indication. Failure of the native aortic valve after root replacement or remodeling accounted for the remaining cases. Preoperative diagnostic workup included routine cardiac catheterization except for cases of acute dissection with emergent indication where the diagnosis relied exclusively on transesophageal echocardiographic examination.
Operative technique
The surgical approach included repeat median sternotomy with preventive exposure of the common femoral artery and vein. Femoral artery cannulation was used only in cases of acute dissection or traumatic sternal reentry. When cardiopulmonary bypass needed to be established prior to sternal division, a femoral venous cannula was also inserted via the common femoral vein and connected to a`y' circuit so as to allow subsequent cannulation of the superior vena cava or right atrium, as well. In case of coexisting severe aortic regurgitation, attention was paid not to cool the perfusate prior to venting the left heart via the right superior pulmonary vein or the apex of the left ventricle. After sternal division, an attempt at circumferential isolation of the ascending aorta was always made. Myocardial protection was obtained using antegrade cold crystalloid cardioplegia with maintenance doses every 30 min, before 1994. Thereafter, cold blood cardioplegia induction and maintenance with warm reperfusion became routine practice. Route of administration of blood cardioplegia included antegrade induction in the aortic root or retrograde in the coronary sinus, depending on the absence or presence of aortic insuf®ciency. Maintenance and reperfusion doses were injected alternatively in the coronary sinus or coronary ostia. Operations were performed under moderately hypothermic cardiopulmonary bypass (288C rectal temperature), except for cases where associated arch replacement was necessary (acute dissection, chronic dissection or aneurysm of the arch). In such instances profound hypothermia (188C rectal) was induced and aortic arch replacement was completed during a period of circulatory arrest, associated with selective antegrade cerebral perfusion when complete arch replacement was required. The procedure on the aortic valve or root was usually performed during cooling, when concomitant arch repair was anticipated. Exception to this strategy was the need to induce hypothermia and low-¯ow or circulatory arrest for unexpected intraoperative hemorrhage. Both the replacement of the aortic root and of the ascending aorta were performed avoiding any inclusion of the graft within the diseased aortic wall, which was always thoroughly resected. Routine technique for coronary artery anastomosis in root replacement was the button technique [3] , regardless of the root substitute utilized (composite, autograft, homograft, xenograft). When heavy calci®cation or scarring of the aortic root was present, thorough removal of calci®ed tissue was undertaken including the coronary ostia so as to allow complete mobilization. Any de®ciency of coronary button tissue resulting from debridement of calcium was repaired by autologous or bovine pericardial patches tailored in a ringlike fashion. In the rare case of insuf®cient coronary ostia mobilization (1/54 root replacement operations), interposition of a short segment of autologous saphenous vein between the coronary and the graft was used. The average aortic crossclamp time for the 78 procedures was 122^86 min, while bypass time averaged 188^60 min. A total of 29 (37%) procedures required a period of deep hypothermic circulatory arrest (mean arrest time 34^28 min), including nine complete and 20 partial arch replacements.
Operations performed
The types of reoperative procedure performed on the 71 patients are listed in Table 3 . The majority of patients having aortic root replacement received a composite graft (38/54, 70%), while the remaining 16 had a biological conduit (autograft in seven patients, homograft in seven, xenograft in two). All seven cases of prosthetic valve endocarditis were treated with homograft root replacement, with one recurrence of infection where a second homograft root was used. Tube graft replacement of the ascending aorta was associated with aortic valve replacement in one fourth (6/ 24) of the cases. Complete aortic arch replacement was needed in six cases of root replacement and in three of simple replacement of the ascending aorta. Myocardial revascularization and mitral valve surgery comprised the other commonly associated procedures.
Follow-up and statistical analysis
Follow-up was gathered by telephone interview and/or clinical examination. The database was last updated between January and February 1999. All 66 operative survivors were reached. Data were expressed as mean valuesŜ D or as percentages. Survival was calculated using the Kaplan±Meier product limit estimate. Patients with several operations were not censored at the next operation. The Fisher's exact test was used to compare categorical variables, the Mann±Whitney test for continuous variables. These tests were used for analysis of early events. Stepwise forward logistic regression analysis was employed to identify independent predictors of early mortality and early morbidity, number of early morbid events. The Cox proportional hazard method was used for predictors of late mortality. The study end-points were as follows: early mortality (prior to discharge or within 30 days of last procedure), early morbidity (i.e. traumatic reentry, myocardial infarction, circulatory failure, respiratory failure, renal failure, hepatic failure, neurologic dysfunction or damage, sepsis, wound infection), number of early complications, late mortality. The variables entered in the multivariate analysis were: age, sex, interval to ®rst redo, number of prior operations, severe preoperative aortic regurgitation, emergent reoperation, type of original procedure, prosthetic valve endocarditis, dissection, type of reoperative procedure, type of associated procedure, duration of bypass, duration of aortic crossclamp, need for hypothermic circulatory arrest, type of cardioplegia.
Results
Early mortality
There were ®ve (7%, CL 2±16%) early casualties, two in patients undergoing elective and three in patients undergoing emergent reoperation (2=63 3% vs. 3=8 38%, P 0:001). Cause of death were perioperative low output syndrome in three patients who had been admitted in NYHA functional class IV. Massive perioperative hemorrhage in a patient with type A acute dissection ruptured into the left pleural cavity and septic shock in a patient needing a second root replacement for recurrent prosthetic valve endocarditis accounted for the other two early deaths. Multivariate analysis disclosed need for emergent reoperation (P 0:001), prior aortic valve replacement (P 0:005) and need for aortic arch replacement (P 0:03), as independent predictors of early mortality.
Early morbidity
Overall prevalence of major non-lethal perioperative adverse events ranked high (39 events/78 procedures, 50%). However, a trend toward occurrence of multiple complications in the same complex patients was noticed. Intensive care unit stay for the entire population averaged 4:5^9:7 days, ranging from 12 h to 40 days. Four procedures (5%), where femoro-femoral bypass had not been preventively planned, required its institution due to trauma to the ascending aorta (3) or right ventricle (1). In one, bypass could be discontinued after repair of the aortic tear, while in the remaining three deep hypothermic circulatory arrest was required instead. Four cases (5%) required sternal reexploration for postoperative bleeding. Respiratory failure de®ned as need for prolonged (48 h or longer) Multivariate analysis failed to identify any independent predictor of a speci®c postoperative morbid event. Nevertheless, when the number (i.e. one complication vs. two or more) of early complications occurring in the same patient were used as end-point for the analysis, the duration of cardiopulmonary bypass (P 0:01) and the need for aortic arch replacement (P 0:04) were isolated as predictors of greater number of adverse events.
Late survival and functional status
Follow-up of survivors ranged 1±170 months (mean 343 6 months). Two late deaths were recorded during the study period, due to lung cancer in one patient and to myocardial infarction in the other. Late survival was 92^4% at 1, 781 0% at 5 and 10 years, respectively (Fig. 1) . Multivariate analysis failed to identify any independent predictor of late mortality. Assessment of follow-up clinical conditions of long-term survivors (64 patients) revealed a population in satisfactory functional status (mean NYHA class 1:6^0:8, range 1±3), with no cases of persistent neurologic, respiratory or renal dysfunction. Only two (3%) patients, one child with severe aortic regurgitation after autograft root replacement and one adult with aortic root pseudoaneurysm after homograft root replacement are currently awaiting a new aortic root reoperation.
Discussion
The present experience demonstrates that replacement of the aortic root or ascending aorta after prior aortic operations can be performed with an overall low (7%) operative risk. Furthermore, the risk can be lowered to estimates typical of primary aortic procedures (3%) if reoperation is carried out on an elective basis. Previous works have shown that early mortality rates after reoperation on the proximal thoracic aorta can vary greatly, ranging between 6 and 22% [3,4,10±13] . Several factors account for this apparent wide variability, including the different prevalence of dissection as cause of reoperation, the techniques used for reoperation and the time interval considered for analysis. In detail, when reintervention is needed for recurrent or new aortic dissection, mortality ranks high, as shown by Bachet et al. [12] . The latter work further demonstrates that emergent reoperation is associated with increased operative risk [12] . Although our analysis failed to isolate aortic dissection as predictor of early mortality possibly due to limitations in sampling, the present series supports the thesis of Bachet et al. as emergent reoperation on the proximal thoracic aorta was associated with a 10-fold increase in operative risk. Multivariate analysis con®rmed emergent reintervention to be an incremental risk factor for operative mortality. Direct comparison of the results herein with the only other existing analysis focused on risk and outcome after reoperative procedures on ascending aorta and aortic root by Dougenis et al. [13] is unsound, as need for emergent reoperation was not entered in their multivariate analysis. Nevertheless, the observation that poor preoperative clinical conditions (NYHA class III or IV), which possibly included patients with active prosthetic valve endocarditis and aortic dissection, proved to be associated with increased operative mortality in the latter study may reconcile our ®ndings with those of Dougenis et al. [13] .
The present analysis further identi®ed aortic valve replacement as original procedure as a risk factor for early mortality. This result is in apparent contrast with growing scienti®c evidence which shows that reoperative procedures on the aortic valve can be performed with limited surgical risk [14] . Based on these ®ndings, it may seem counterintuitive that replacement of the aortic root or ascending aorta after prior aortic valve operation should be associated with greater operative risk. Nonetheless, it has since been demonstrated how aortic valve replacement may be complicated by acute aortic dissection, late after the original intervention [15, 16] . The independent progression of pathologic changes of the ascending aortic wall either secondary to the valve lesion or simply associated with it [17] has been held responsible for the above sudden event. Accordingly, the occurrence of acute aortic dissection, as well as, the appearance of endocarditis with hemodynamic compromise in patients previously subjected to aortic valve surgery adequately explain why both emergent reoperation and prior aortic valve replacement proved to be incremental risk factors for early mortality in our series.
Lastly, need for complete aortic arch replacement was associated with greater operative risk in the present study. This ®nding is not surprising as it identi®es the most lengthy and complex surgical procedures. Failure to isolate arch replacement as predictor of early mortality in previously published work [13] may be due to the distinction between partial and complete replacement, which was applied in our analysis.
Whereas factors in¯uencing early mortality after reoperative aortic procedures have received great attention in prior studies [11, 13] , de®nition and prediction of early morbidity has less commonly been afforded by existing analyses. It is evident that primary replacement of the proximal thoracic aorta may associated with morbidity as low as 7% [1] , which is signi®cantly lower than the estimates, ranging between 20 and 65%, reported for reoperative procedures [13, 18, 19] . The present work con®rms that multiple operations on the ascending aorta or aortic root carry a high prevalence of major postoperative complications. This translates into prolonged intensive care unit stay and increased resource utilization, as a large proportion of patients may require arti®cial respiratory, circulatory or renal support, ultimately resulting in greater hospitalization costs, albeit not calculated in our analysis. While multivariate analysis was unable to isolate predictors of speci®c postoperative complications, occurrence of two or more morbid events in the same patients was associated with more complex operations involving arch replacement and prolonged cardiopulmonary bypass times. Explanation for this ®nding is once again intuitive as use of deep hypothermic circulatory arrest in and of itself is known to profoundly affect postoperative neurologic, respiratory and renal recovery. In addition, complex reoperative root replacement, such as required in prosthetic valve endocarditis, may also result in prolonged cardiopulmonary bypass time and is certainly associated with greater prevalence of postoperative circulatory and infectious complications, as suggested by other studies [10, 18] . It must be emphasized how progress in the ®eld of perioperative intensive care has substantially improved the prognosis after reoperative aortic procedures, as attested by several clinical series where early mortality was very low in the presence of high early morbidity [18, 19] . Accordingly, despite the number and severity of complications recorded in our experience all patients were eventually discharged and remained free of respiratory, neurologic, renal or infectious sequelae at follow-up.
Late survival after reoperative procedures on the proximal thoracic aorta is satisfactory and comparable to previous ®ndings [13] . No predictors of late mortality could be isolated in our analysis possibly due to the low number of events. Contrary to what observed for early mortality, however, it is conceivable that late mortality may be more deeply in¯uenced by the underlying disease process than by the demographic or operative variables, as shown by others [13] .
Due to the low risk of primary aortic operations [1±7], to the growing enthusiasm for pulmonary autografts and aortic homografts [8] , and to the expanding interest in aortic valve preserving techniques [9] , reoperations on the ascending aorta are destined to increase steadily. This has proved true of our own experience with aortic surgery during the past 8 years of practice, as well [20, 21] . As evident from Fig. 1 , the vast majority (71/78) of reinterventions have been performed during the 1990s and half of them in the last 3 years of activity. Nonetheless, a series of technical measures can be adopted in order to limit the prevalence and the impact (emergent vs. elective presentation) of reoperations, as previously advocated by us and others [10± 13, 16, 21, 22] . These include: (1) radical resection of all diseased aortic tissue in acute as well as chronic aortic pathology and strict avoidance of any inclusion of the graft; (2) uniform use of coronary button technique for root replacement; (3) extensive repair in acute type A dissection, from remodeling of the sinotubular junction with valve resuspension to`open' aortic arch replacement; (4) elective replacement of the ascending aorta during valve procedures for diameters of 45 to 55 mm in the presence of bicuspid aortic valve or thinned aortic wall.
In conclusion, reoperative replacement of the ascending aorta or the aortic root can be performed with low operative mortality, but high early morbidity. Strategies aimed at decreasing the need for emergent reintervention, particularly in patients with prior aortic valve replacement, may further improve early outcome.
